measurements-exercise minute ventilation (>+ 15%), body temperature (>37-20C), circulating neutrophils (>+ 2500/mm3), exercise respiratory frequency (>+ 25%), circulating lymphocytes (. -500/mm3 with lymphopenia), and forced vital capacity (. -15%). These confirmatory monitoring tests had specificities of approximately 95% and sensitivities of 85-48%. Measurement of diffusing capacity, lung volume subdivisions, or resting minute ventilation/respiratory frequency proved to be too insensitive to be useful, as did auscultation and chest radiography. We conclude that responses that do provoke significant changes in these less sensitive tests are unnecessarily distressing and, presumably, unnecessarily hazardous.
The relevance of an environmental antigen to the development of diffuse alveolar disease consistent with extrinsic allergic alveolitis (EAA) is most usefully assessed from a careful clinical history. Confirmatory investigations conventionally depend on serological methods-particularly gel diffusion precipitin tests. [1] [2] [3] [4] [5] [6] [7] [8] [9] While such tests usually demonstrate the presence of precipitating antibody if the antigen in question is indeed responsible for the disease, this is not always the case.7 12 Conversely, relatively high proportions of subjects similarly exposed, but apparently unaffected, may also give positive serological results. [13] [14] [15] [16] [17] The antibody response may consequently reflect exposure more than disease.18 19 As yet no laboratory test has proved capable of distinguishing all affected subPresented to the joint meeting of the British and American Thoracic Societies in London, January 1979. jects from all who are unaffected, and in an appreciable proportion of cases a definitive diagnosis cannot be made from the clinical and laboratory features alone. This proportion includes, in particular, cases of chronic EAA where experimental periods of antigen avoidance may produce negligible improvement, cases where experimental antigen avoidance is resisted by the subject (or employer) concerned, and cases where a hitherto unrecognised agent is suspected of provoking the disease.
Where diagnostic uncertainty does persist, many specialised centres proceed to inhalation provocation tests. A response is considered to be positive if it reproduces the acute clinical manifestations of EAA. Unfortunately these acute manifestations lack specificity. Influenza-like symptoms of malaise, fever, headache, widespread muscle aching, and anorexia usually mask any evidence of a specifically pulmonary response, although breathlessness and cough may occur. 415 Since the provoking agents used in these tests are commonly derived from mouldy vegetation, avian sera or excreta, or contaminated water from cooling systems or humidifiers, the significance of such systemic disturbances may be questioned. This is particularly true of those patients with the chronic form of EAA, which is not characterised by these systemic features.
Regardless of the validity of inhalation provocation tests in the investigation of EAA, there are at present no generally accepted criteria that define positive "alveolar" responses. In some studies the development of fever alone has been considered acceptable confirmatory evidence,5 20 while in others fever occurred in control subjects.2 Although influenza-like symptoms are the most prominent feature of positive reactions, they are not always reported. Eyckmans and colleagues2' and Scadding 22 23 each described a challenge test with pigeon serum which appeared to provoke fever and leucocytosis. No other features were recorded and yet in the former case pigeon breeder's lung (PBL) was considered to be confirmed, while in the latter Scadding considered PBL improbable.
Objective measurements of pulmonary function have not been reported consistently, probably because significant changes are not always observed. The characteristic findings associated with positive alveolar reactions are restriction of ventilation (occasionally with airways obstruction) and decreased diffusing capacity for carbon monoxide (DLCO),2 5 24-28 but both ventilation and DLCO may remain apparently unchanged.5 29 Gravity dependent crackles may develop, but are not commonly reported,27 [29] [30] [31] and very few investigators have recorded data regarding the monitoring value of chest radiography.29 31 The purposes of this study were to examine the characteristics and the validity of "alveolar" responses to antigen provocation tests, and to evaluate the potential roles of a number of relatively simple and readily available tests in their recognition.
Subjects and methods
Sequential inhalation provocation tests were completed in 29 subjects in whom EAA was suspected, and in two control subjects (two of us) so that a definitive result considered to confirm or exclude EAA was obtained. In six of these subjects there was already convincing evidence of EAA from the histories, physical examinations, chest radiographs, lung function studies, precipitin tests, and clinical courses after antigen avoidance. With the remaining subjects the evidence was not conclusive. The majority of the subjects studied were exposed domestically to budgerigars (known as parakeets in North America), pigeons, canaries, or poultry and were possibly affected by bird fancier's lung (BFL). In four subjects farmer's lung or mushroom worker's lung was suspected.
Most subjects were investigated as outpatients, with intervals of a week or so between tests. Some were admitted to hospital and had tests on consecutive days, though usually not more than two antigen challenges were carried out during any one admission. Informed consent was obtained from the subjects and the protocol was approved by the hospital ethical committee.
INHALATION PROVOCATION TESTS
Nebulised avian antigens were inhaled through a face mask and delivered via a Wright nebuliser from two sources: avian serum (dilutions of 1/100-1/5 in carbol-saline) for 5-30 minutes, and extracts of avian droppings Firstly, the subjects concerned developed symptoms of sufficient degree to convince them that they were directly provoked by the earlier challenges despite their not knowing whether the nebulised challenges involved antigen or control exposures. Secondly, we the observers were also convinced of the positive nature of the test, taking into account not only the character and timing of the symptoms described, but also the physical signs, and the responses to any earlier provocation tests. When either party was not fully convinced, though suspicious, the result was defined as equivocal. When neither party was suspicious, the result was deemed negative.
Fifteen antigen challenges provoked equivocal results. Fourteen of these occurred in seven subjects who gave unequivocally positive results after further challenges with the same or higher doses of antigen. In the remaining subject, further antigen challenge produced negative results.
A diagnosis of EAA (with respect to the antigen investigated) was considered to be confirmed in those subjects giving unequivocally positive responses-"reactors"-and to be excluded in those who failed to respond in this manner after completing the full series of tests-"non-reactors". The two control subjects both proved to be nonreactors, and the six subjects who already showed "convincing evidence" of EAA all proved to be reactors. *These two discordant "negative" results were obtained in two subjects who gave consistently weak responses to antigen challenge irrespective of the challenge dose. One test was carried out on the day immediately after an "equivocal" response, and this may have exhausted the limited responsiveness ofthe subject concerned. The other subject gave responses that did not reach their peaks until the day after challenge. This was not appreciated at the time of this anomalous test, and no subjective data were recorded for the relevant following day. The test did nonetheless produce an objective monitoring score of 2/6 (see text below).
tSubjects who already showed "convincing evidence" of EAA before challenge. Marked increases in the numbers of circulating leucocytes were observed in association with positive tests, and these changes were found to be fully attributable to increases in the neutrophil fraction. With 12 of the positive tests absolute neutrophila (>7500 neutrophils/mm3)37 38 developed. The lymphocyte counts were also affected by positive tests, though in the converse manner and to a much less marked degree. It can be seen from table 4 that the mean lymphocyte counts associated with control and negative tests increased mildly after challenge, while there was a small decrease associated with equivocal tests and a more marked decrease with positive tests. The absolute changes in lymphocyte counts did not prove to be of diagnostic value when considered alone, because there was considerable overlap between the distributions associated with positive and obligatorily negative tests. However, a decrease in lymphocyte count of 500 cells/mm3 or more did prove to be of diagnostic value when coupled with the development or worsening of absolute lymphopenia (<1500 lymphocytes/mm3).37 39 There were no significant changes in the numbers of circulating eosinophils.
The results of the exercise tests are expressed in terms of percentage rather than absolute changes because there were variations between the subjects in treadmill speeds and prechallenge ventilatory patterns. The exercise period, in comparison with the resting period preceding it and the recovery period succeeding it, was associated with the greatest increase after positive tests and the least change after obligatorily negative tests. Measurement of minute volume and respiratory frequency during the resting period consequently proved to be much less sensitive in distinguishing positive from obligatorily negative tests. For both tests an end-point of >±+25% produced a specificity of 94%, but sensitivities were only 40% and 30% respectively. Combining data from the 10 minutes of exercise + recovery proved to be less useful than data from the exercise period alone.
With positive responses quite marked individual variations in tidal volume and respiratory rate were noted during the exercise tests, but there was no overall tendency to rapid shallow breathing. The mean tidal volume did not change significantly and calculations with an assumed anatomical dead space of 150 ml showed a mean increase in alveolar ventilation of 30% in association with positive tests. There was a mean fall of 3 % with corresponding control tests.
Similar mild mean decrements in FVC were noted with each subgroup of obligatorily negative tests. These are probably attributable to the bias of choosing the minimum of multiple measurements. The mean maximum fall in FVC of 20% after positive tests was accompanied by a similar mean maximum fall in FEV1 of 19%, indicating the ventilatory disturbance produced was one of restriction, not obstruction. The mean ratio FEV1/ FVC was 81% both immediately before challenge and at the time of the maximum fall in FVC. Lung volumes Routine measurement of the subdivisions of lung volume after initial positive tests did not demonstrate great changes, and this practice was discontinued after paired positive and control tests were monitored in four reactors. A modest fall in inspiratory capacity (mean -9%) without change in functional residual capacity (mean -1%) was the most prominent finding associated with positive tests, though a mild reduction in expiratory reserve volume (mean -7%) was also noted. The vital capacity and the total lung capacity were reduced appropriately (means of -8% and -5% respectively), and there was a small increase in residual volume (mean +3%) appropriate to the reduced expiratory reserve volume and the unchanged functional residual capacity. Similar changes were observed in a further reactor in whom measurements after control challenge were not obtained. Single breath diffusing capacity Diffusing capacity for carbon monoxide was measured in association with 12 positive challenge tests in 10 reactors. Appreciable decreases of 14-45%) occurred with three of the more severe reactions only. Figure 2 compares the distributions of changes in DLco after positive and obligatorily negative tests. Only decrements of 15% or more could be considered diagnostically significant, and with this end-point only two of the positive tests could be identified. Chest radiographs No unequivocal changes were noted in 12 inspiratory and five expiratory radiographs of 12 subjects undergoing positive responses. In six films there was some suspicion of increased haziness/ nodularity, for which technical differences may have been responsible.
TOTAL MONITORING SCORE
In assessing the diagnostic value of the various monitoring tests studied, the ability of each to identify obligatorily negative tests correctly (the specificity) was related to the converse function of identifying the unequivocally positive tests correctly (the sensitivity). The endpoints required to give specificities of about 95% produced useful sensitivity levels (approximately 50% or more) for 10 of the tests studied-symptoms and signs appropriate to an influenza-like illness and undue respiratory effort on exercise (the four subjective observations), and body temperature, circulating neutrophil and lymphocyte counts, exercise minute volume and respiratory frequency, and FVC (the six objective tests). By allowing a score of one for each of these 10 tests giving diagnostically significant changes, a maximum total monitoring score of 8-10 was possible for the overwhelming majority of tests (not all tests were used in each challenge). The mean scores per challenge test and the mean scores expressed as a percentage of the maximum The possibility of long-term sequelae after these provocation tests was considered in 13 of the reactors who were restudied after intervals ranging from 0 5 to 33 months (mean nine months). Only two considered they had deteriorated. Pulmonary function tests in the remainder showed that lung function had recovered to at least prechallenge levels, and often to within the predicted normal range.
One subject improved initially when she gave up her birds and was treated temporarily with modest doses of corticosteroids (prednisone 20-30 mg daily). Weight gain and increased incapacity from severe osteoarthritis soon led to reduction in corticosteroid dosage, and her respiratory symptoms and lung function thereafter worsened steadily. Continuing budgerigar exposure during frequent "baby sitting" activities at her son's home was eventually discovered.
One other subject admitted to mildly increased breathlessness on exertion when reinvestigated seven months after her positive challenge. She had denied this during the few months immediately after it, and serial lung function studies did not It is interesting that the two strongest reactions occurred in the two patients with farmer's lung tested by the natural method of exposure. They disturbed samples of their own dry mouldy hay and straw in a challenge cabinet environment for 90 and 40 minutes respectively. This created considerably more dust than they were accustomed to occupationally and both reacted briskly to the first active test. In retrospect, shorter exposures would have been more appropriate. The avian challenges involved sequential increasing doses, the first of which was known to be safe. 5 The bird fanciers were consequently better protected from unduly strong reactions, and so were less likely to demonstrate changes with respect to the less sensitive tests. Stronger reactions may not always be produced by greater challenge exposures, however, because the responsiveness of some subjects is limited. In these circumstances confirmation of positive reactivity may require that weak (though, for the individual concerned, maximal) responses are appropriately reproducible after further antigen and control challenges.
The device of assessing each provocation test by means of a total monitoring score enabled eight of 15 equivocal tests to be reclassified retrospectively as positive. The subjects concerned might consequently have been spared the dis-comfort and risk of further challenge exposures. The use of all six objective measurements found to be diagnostically useful was of course timeconsuming, and the question arises whether the routine use of all six would be cost-effective. In a sense, none is essential in evaluating the result of most tests because the subjective observations alone were shown to be adequate, being equally valid and rather mnore discriminatory. If, nevertheless, objective evidence is required to confirm the subjective findings, measurement of exercise minute volume is the most effective of the comparatively simple and easily available monitoring tests considered in this study. It is however the least convenient and the most time-consuming. More practical is the measurement of both body temperature and neutrophil count, one or the other of which is likely to change significantly with more than 90% of positive tests. The costeffectiveness of using any of the other objective tests in addition is marginal. 
